Guppy (P. reticulata) is a small and colorful tropical ornamental teleost. It is a member of the family Poeciliidae (15) that undergo internal fertilization (16) . Guppies, whose natural habitat is in northeast South America, were introduced to many countries and are now found all over the world. They are highly adaptable and thrive in many different environmental and ecological conditions (15) . Male guppies, which are smaller than females, have ornamental caudal and dorsal fins, while females are duller in color.
In several tropical countries they were used for biological control of mosquito larvae, the vectors of infectious malaria disease (17, 18) and filariasis (19) (20) (21) . The guppy became a model for biological studies because of its short generation interval, ease of breeding in laboratories, and the availability of many different strains (22) (23) (24) .
Although L. cyprinacea parasites infect a wide range of both fish culture and natural populations fishes, few species of Lernaea were described especially those infecting ornamental fishes that still require further research. This study investigates Lernaea infections in guppy (P. reticulata), the ornamental, small and colorful fish, in a sample from KSA.
MAtEriAl And MEtHodS
The present study was carried out in the laboratory of Zoological Research, Biology Department, Faculty of Science, Taif University, KSA. From a local breeder in El-Taif, KSA, 47 fish (38 females and 9 males) guppy (P. reticulata) specimens (only colored, active, healthy and sexually mature males and females) were purchased ( Figure 1 ) and transferred to the aquaria two weeks prior to the examination. They were allowed to breed in the laboratory. The fish were daily examined for external copepod parasitic infection. All aquaria were provided with thermostats 100 W, thermometers, air pumps, air lines, and gravel cleaner or dip tube (Figure 2 ). The water in the aquaria was obtained from a header tank containing constantly aerated (dechlorinated) water composed of deionized water mixed with local tap water (5:1). The tap water was analyzed, and its specifications were as follows: pH 8.46; total dissolved saline 2.52 ppm; conductivity 0.0054 mS/cm. After 15 days, infection with the larvae and adult of copepod parasites was observed. The adult copepod specimens were removed by forceps from different parts of the infected fish; skin and pectoral, ventral and dorsal fins. Specimens fixed in 70% alcohol were cleared in 90% lacto phenol and mounted in dibutylphthalate polystyrene xylene (DPX). The mounted specimens were examined and photographed using a Zeiss light microscope (25) . The morphological identification of the L. cyprinacea specimens was performed according to Robinson (26) . Animal use followed a protocol approved and authorized by Institutional Animal Care and Use Committee (IACUC).
Statistical analysis:
The copepod preference for attachment sites on the host was recorded. Infestation parameters, prevalence and intensity were calculated by QP3.0 (Quantitative Parasitology 3.0). This parasitology software provides statistically correct medians to analyze the highly aggregated (right-skewed) frequency distributions exhibited by parasites. QP3.0 describes parasitic infections within a sample of hosts and compares parasitic infections across different samples of hosts. Mann-Whitny test was applied to test the significance difference in parasite number at ≤0.05 using SPSS.
rESultS
Apparently healthy guppy fish (P. reticulata), small colorful tropical ornamental teleosts, were purchased and examined for ectoparasites (Figures 1-3 ). They were kept under observation for signs of infection related to change in color and active movement. After an observation period of 15 days, natural infection was gradually noted in 32/47 fishes (29 females and 3 males) with a prevalence of 68.1%. By examination of fixed specimens, the body of adult L. cyprinacea female appeared long and tubular with an anchor on its anterior end and paired egg sacs on the posterior end. The anterior anchor was embedded into the fish's body while the posterior end, with its egg sacs, protruded out into the water (Figures 4-7) . Adult females had a body length of 10.3-11.10 mm; body width of 0.36-0.40 mm to 0.50-0.56 mm from anterior to posterior respectively; length of horn ranged from 1.38 to 1.43 mm; egg sac length and width were 3.3-3.9.0 mm and 0.50-0.54 mm, respectively.
Adult females were anchored to host fins, feeding on the epithelial cells and mucus of the fish, characteristically raising blisters on the surface of the fins. The female parasites were found burrowed deep into the tissues with the anterior anchor embedded into the fish's body. Intense focal inflammation and hemorrhage were easily observed at the attachment site, making the area appear red and ulcerated. The scales of infected fish fell off.
Fish with severe infection (more than 5 parasites per fish) on their body surface showed dull colors and sluggish movement. Newly hatched nauplii observed on the caudal fin of the infected fish (not parasitic), develop through naupliar stages (Figure 6 ), after which they became parasitic, and attached to the host. The copepod stages were found on the gills but were not permanently embedded in the tissue.
The infection was high in the female guppy reaching 76.3 % (29/38) and decreased to 33.3% in male guppy (3/9). Number of parasites was significantly higher in females than males (P < 0.05) ( 
diScuSSion
The ornamental guppy (P. reticulata) fish, though apparently healthy at time of purchase proved to be naturally parasitized by ovigerous female L. cyprinacea on their skin and fins. Other records in the literature show that Lernaea infestations are particularly common in fish of the carp family (Cyprinidae), including koi, goldfish, and other related carp, as well as other numerous susceptible freshwater species. About 64 species of fish were recorded as host for L. cyprinacea [27] . The same researchers stressed the importance of careful examination of all aquatic species for anchor worms to determine parasite infestation by L. cyprinacea. In 2017, Baliga et al., [28] isolated copepods that had different anchor shapes, from freshwater fishes including P. reticulata; and proved that they were genetically identical belonging to the same L. cyprinacea species.
The present study is the first record of infection by L. cyprinacea (68.1%) in this sample of guppy fish examined from KSA. Although L. cyprinacea seems to have a random choice for attachment on the body host, it was shown that the parasites were fixed especially on the fins and skin [29] . The same observations were previously reported in many other literatures [30] [31] [32] [33] [34] . This may be because fins offer greater protection against currents and tissues and the base of the fins are more easily penetrated [33, 35, 36] . In our study there is enough evidence to conclude that there is a significant difference (P <0.05) in number of parasites between infected males and females (Table 1 ). The study revealed that the parasites have preference for fixation in descending order for: ventral, anal, and pectoral fins; skin and caudal fins came last. Females were significantly more susceptible to infection than males and even the parasite load of females doubled that of the males. It was reported that severe focal damage to affected tissues caused by parasites, increases the risk of infection by bacterial and fungal pathogens present in the environment. In flowing rivers and streams, anchor worm infections are usually limited to a single parasite per fish host, causing little damage, but in closed environments severe infestations often result [29, 37] . Suggested differences in susceptibility of fish species to the parasite could be due to differences in ecological, behavioral and physiological mechanisms, and morphological variations. Some fish species such as those that are without scales might produce hormones or secrete mucous which renders them unacceptable to the copepod or makes them immune [10, 38] . The tightly packed structure and arrangement of scales in some fish species might not allow for easy implantation of the parasite's anchor. This also explains the higher parasite intensity in smaller and younger fish which are easily accessible to the parasite, or in whom the defense mechanisms are less well developed compared with larger or older fish [34] . Parasitic crustaceans harm the fish in several ways: they cause tissue damage due to permanently attached adults, result in stunted growth of fish and retarded or inhibited reproduction. This is probably because of the nutritional drain, though also it may be because of hormonal changes and feeding. Attachment of parasites to fish is frequently associated with anemia of the fish [39] . Previous studies [9, 14, 16, 36, recorded other fish hosts from all over the world susceptible to L. cyprinacea (Table 3 ).
In conclusion, the parasite in this host was reported in previous studies in other fish species. P. reticulata may be considered as a newly recorded host of L. cyprinacea in KSA. Table 1 . Prevalence of infestation, mean abundance and intensity, median r of the parasites Lernaea cyprinacea in relation to sex. Author contribution: MA Ghobashy conceived and designed the research, performed the research, analyzed the data, contributed and shared in writing the paper. AA Taeleb performed the research, contributed in analyzing the data, and revised the results. HE AbouShafeey contributed and shared in writing the article, revised and prepared the manuscript for publication.
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